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A B S T R A C T
Three new biphenyls, 4,7,8-trimethoxy-2,3-methylenedioxydibenzofuran (1), 7-hydroxy-4,8-
dimethoxy-2,3-methylenedioxydibenzofuran (2), and 30,5-dimethoxy-3,4-methylenedioxybiphenyl
(3), along with eighteen known compounds (4–21) were isolated from the aerial part of Ribes takare
D. Don. Their structures were elucidated on the basis of spectroscopic data. Compound 1 and compound
2 showed mild a-glucosidase inhibitory activity.
 2013 Guo-You Li and Dong-Mei Fang. Published by Elsevier B.V. on behalf of Chinese Chemical
Society. All rights reserved.
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Ribes takare D. Don, a deciduous shrub, and one of the 160
species of the genus Ribes, is widely distributed in China, Bhutan,
India, Kashmir, Myanmar, Nepal and Sikkim [1]. The fruits of Ribes
genus members can be used to manufacture beverages and wine
because they are rich in proteins, amino acids and minerals and
other nutrients. Flavonols [2], ﬂavonoids [3], polyphenols [4] and
carbolines [5] have been found in Ribes species. There are no reports
about the chemical constituents of R. takare. In this study, we isolated
three new biphenyls, 4,7,8-trimethoxy-2,3-methylenedioxydiben-
zofuran (1), 7-hydroxy-4,8-dimethoxy-2,3-methylenedioxydi-ben-
zofuran (2) and 30,5-dimethoxy-3,4-methylenedioxybiphenyl (3)
(Fig. 1), together with 18 known compounds (4–21). Their a-
glucosidase inhibitory activity was screened.
2. Experimental
2.1. General experimental procedural
Column chromatography: Silica gel (200–300 mesh, Qingdao
Haiyang Chemical Co., Ltd.).a-Glucosidase (Sigma, G-0660). Glucose
Detection Kit (Nanjing Jiancheng Shengwu Yanjiusuo, China). UV
spectra were recorded on a Lambda 35 spectrophotometer
(PerkinElmer, USA), IR spectra on a Spectrum 100 spectrometer
(PerkinElmer, USA) with KBr discs. ESI- and HR-ESI-MS: BioTOF-Q* Corresponding authors.
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http://dx.doi.org/10.1016/j.cclet.2013.07.019mass spectrometer. NMR spectra were recorded on a Bruker Avance
600 spectrometer (Bruker BioSpin, Switzerland) operating at 600 or
150 MHz for 1H NMR and 13C NMR, respectively.
2.2. Plant material
The aerial parts of Ribes takare D. Don were collected in Luding
County, Sichuan Province of China in August 2005. The plant
sample was identiﬁed by Prof. Fading Fu in Chengdu Institute of
Biology, Chinese Academy of Sciences (CAS). A voucher specimen
(LD-15) was deposited at the Herbarium of Chengdu Institute of
Biology, CAS.
2.3. Extraction and isolation
The air-dried and powdered aerial parts of R. takare D. Don
(7.3 kg) were soaked with 95% EtOH (30 L  7 d  3) at room
temperature. The solvents were evaporated under reduced
pressure to give 85 g residue. The residue was suspended in
H2O (1 L) and fractionated with petroleum ether (1 L  3), CHCl3
(1 L  4) and n-BuOH (1 L  4) to give corresponding fractions A
(18 g), B (27 g) and C (11 g).
Fraction A was separated over silica gel column eluted with
petroleum ether/Me2CO (30:1, 10:1 and 2:1) to yield six
subfractions A1–A6 and compound 4 (6 mg). The separation of
A2 (3.1 g) over silica gel column eluted with petroleum ether/
MeCO2Et (5:1) yielded compounds 1 (7 mg) and 3 (2 mg). Fraction
A3 (4.5 g) was subjected to column chromatography over silica gel
using CH3Cl/Me2CO (20:1) as solvent to afford compounds 5
(18 mg) and 6 (15 mg).Elsevier B.V. on behalf of Chinese Chemical Society. All rights reserved.
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Fig. 1. The structures of compounds 1–3.
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petroleum ether/Me2CO (15:1, 5:1) to yield seven subfractions B1–
B7, compounds 7 (9 mg) and 8 (2 mg). The separation of B2 (2.5 g)
over silica gel column eluted with petroleum ether/MeCO2Et (5:1)
afforded 2 (4 mg). Fraction B3 (5.7 g) was puriﬁed by column
chromatography over silica gel using Et2O/Me2CO (10:1) to yield
compounds 9 (5 mg), 10 (3 mg) and a mixture (7 mg) of 11 and 12.
B4 (2.1 g) was separated over silica gel column eluted with
petroleum Et2O/Me2CO (5:1) to yield compounds 13 (4 mg) and 14
(7 mg). Fraction B5 (3.3 g) was subjected to column chromatogra-
phy over silica gel using CH3Cl/Me2CO (10:1) as solvent to afford
compounds 15 (3 mg) and 16 (5 mg).
Fraction C (11 g) was subjected to a macroporous resin column
(D101) eluted ﬁrst with water to remove sugar and then with
MeOH. 17 (120 mg) was precipitated from the methanol eluate. A
residue (7.0 g) was obtained from the mother liquid of 17, which
was separated over silica gel column eluted with CHCl3/MeOH
(20:1, 5:1) to yield compounds 18 (30 mg), 19 (7 mg) and a mixture
(6 mg) of compounds 20 and 21.
4,7,8-Trimethoxy-2,3-methylenedioxydibenzofuran (1): Colorless
needles (Me2CO); mp 157.7–158.2 8C; UV (MeOH) lmax nm (log e):
223 (4.44), 246 (4.14), 263 (4.01), 310 (4.24), 321 (4.28); IR (KBr,
cm1): nmax 2951, 2833, 1627, 1483, 1439, 1357, 1279, 1211, 1182,
1151, 1075; 1H NMR (600 MHz, CDCl3): d 7.21 (s, H-9), 7.10 (s, H-6),
6.91 (s, H-1), 6.00 (s, 2H-OCH2O), 4.24 (s, CH3O-4), 3.97 (s, CH3O-7),
3.95 (s, CH3O-8);
13C NMR (150 MHz, CDCl3): d 151.3 (C-5a), 148.9
(C-7), 146.3 (C-8), 145.6 (C-3), 142.9 (C-4a), 135.3 (C-2), 130.3 (C-
4), 119.0 (C-9a), 116.2 (C-9b), 101.7 (C-9), 101.5 (C–OCH2O), 95.9
(C-6), 92.5 (C-1), 60.4 (CH3O-4), 56.6 (CH3O-8), 56.3 (CH3O-7).
ESIMS (pos.) m/z: 325 [M+Na]+, 341 [M+K]+. HR-ESI-MS (pos.):
325.0681 ([M+Na]+, C16H14NaO6
+; calcd. 325.0683).
7-Hydroxy-4,8-dimethoxy-2,3-methylenedioxydibenzofuran (2):
Colorless amorphous powder; mp 104.2–105.3 8C. UV (MeOH)
lmax nm (log e): 222 (4.41), 248 (4.10), 263 (3.93), 311 (4.20), 323
(4.25); IR (KBr, cm1): nmax 3434, 2918, 2850, 1631, 1479, 1439,
1356, 1285, 1237, 1209, 1142, 1075; 1H NMR (600 MHz, CDCl3): d
7.18 (s, H-9), 7.13 (s, H-6), 6.89 (s, H-1), 5.99 (s, 2H–OCH2O), 5.99
(s, OH), 4.23 (s, CH3O-4), 3.99 (s, CH3O-8).
13C NMR (150 MHz,
CDCl3): d 151.5 (C-5a), 145.5 (C-3), 145.4 (C-7), 143.9 (C-8), 142.8
(C-4a), 135.2 (C-2), 130.3 (C-4), 119.1 (C-9a), 116.1 (C-9b), 101.5
(C–OCH2O), 101.0 (C-9), 98.5 (C-6), 92.3 (C-1), 60.4 (CH3O-4)), 56.6
(CH3O-8)). ESI-MS (pos.) m/z: 289[M+H]
+, 311 [M+Na]+. HR-ESI-MS
(pos.): 311.0522 ([M+Na]+, C15H12NaO6
+; calcd. 311.0526).
30,5-Dimethoxy-3,4-methylenedioxybiphenyl (3): Colorless gum;
UV (MeOH) lmax nm (log e): 217 (4.50), 275 (3.97), 293 (3.89); IR
(KBr, cm1): nmax 2927, 1631, 1606, 1482, 1418, 1252, 1155;
1H-
NMR (600 MHz, CDCl3): d 7.31 (t, J = 7.9 Hz, H-50), 7.10 (d,
J = 7.9 Hz, H-60), 7.04 (d, J = 2.2 Hz, H-20), 6.86 (dd, J = 7.9, 2.2 Hz,
H-40), 6.76 (d, J = 1.4 Hz, H-2), 6.74 (d, J = 1.4 Hz, H-6), 6.00 (s, 2H–
OCH2O), 3.95 (s, CH3O–C(5)), 3.85 (s, CH3O–C(3
0)). 13C NMR
(150 MHz, CDCl3): d 159.9 (C-30), 149.3 (C-4), 143.7 (C-5), 142.6 (C-
10), 136.1 (C-1), 134.9 (C-3), 129.7 (C-50), 119.5 (C-60), 112.9 (C-40),
112.4 (C-20), 107.1 (C-6), 101.6 (C–OCH2O), 101.6 (C-2), 56.7
(CH3O-5), 55.3 (CH3O-3
0). ESI-MS (pos.) m/z: 259 [M+H]+, 281
[M+Na]+. HR-ESI-MS (pos.): 259.0967 ([M+H]+, C15H15O4
+; calcd.
259.0965).2.4. a-Glucosidase inhibitory assay
100 mL phosphate buffer (67 mmol/L, pH 6.8) containing a-
glucosidase (0.02 U) and test sample was incubated for 10 min at
37 8C. Maltose (0.1 mol/L) was added to the phosphate buffer and
incubated for additional 10 min at room temperature. Glucose
detection solution (200 mL) was added to the former solution and
mixed. The OD value of the solution was measured (Abs 490 nm).
Blank control (no a-glucosidase and test sample), a negative
control (no test sample) and positive control (Acarbose as the test
sample) were prepared. All determinations were performed in
triplicate.
Inhibitory rate % ¼ 1  ðODðtest sampleÞ  ODðblank controlÞÞ
ODðnegative controlÞ  ODðblank controlÞ
 A100
3. Results and discussion
3.1. Structure elucidation
Compound 1 was obtained as colorless needles. Its molecular
formula, C16H14O6, was deduced from the quasi-molecular ion
peak at m/z 325.0681 [M+Na]+ in HR-ESI-MS, indicating 10 double
bond equivalents. The IR spectrum showed characteristic
absorption bands for a phenyl ring (1483 and 1439 cm1). Three
methoxyl groups were indicated by the 1H NMR signals at d 4.24,
3.97 and d 3.95 (s, each 3H) and 13C NMR signals at d 60.4, 56.3 and
d 56.6. A methylenedioxy (dH 6.00, s, 2H and dC 101.5) and three
aromatic protons (dH 7.21, 7.10, 6.91, s, each 1H) were recognized.
The 13C NMR spectrum showed 16 signals. Besides the signals for
three methyl groups and one methylenedioxy, twelve 13C NMR
signals were attributable to two phenyl rings. Based on the above
data, it was concluded that compound 1 is a dibenzofuran
(Table 1).
Three methoxyls and the dioxymethelene were located on the
basis of HMBC and NOESY spectra (Fig. 3). Therefore, compound 1
was determined as 4,7,8-trimethoxy-2,3-methylenedioxydiben-
zofuran.
Compound 2 was obtained as a white amorphous powder. Its
molecular formula C15H12O6 was deduced from the quasi-
molecular ion peaks at m/z 311.0522 [M+Na]+ in the HR-ESI-
MS. The NMR spectra of compound 2 were similar to those of 1,
except compound 2 possesses only two methoxys (dH 3.99 and
4.23, each 3H, s, dC 56.6, 60.4) and one dioxymethylene. The IR
absorption at 3434 cm1 and 1H NMR signal at d 5.99 (s, 1H)
suggested a hydroxyl group. The two methoxyls and the
methylenedioxy were located on the basis of HMBC and NOESY
spectra (Figs. 2 and 3).
Compound 3 was isolated as a colorless gum with the molecular
formula C15H14O4 determined by the quasi-molecular ion peak at
m/z 259.0967 [M+H]+ in HR-ESI-MS. 1H NMR spectrum showed the
presence of two methoxyls (d 3.95, 3.85, each s, 3H), one
dioxymethylene group (d 6.00, s, 2H), one 1,3,4,5-tetrasubstituted
phenyl ring (d 6.76, 6.74, d, each 1H, J = 1.4 Hz) and one 1,3-
disubstituted phenyl ring (d 7.31, t, 1H, J = 7.9 Hz; d 7.10, d, 1H,
J = 7.9 Hz; d 7.04, d, 1H, J = 2.2 Hz; d 6.86, dd, 1H, J = 7.9, 2.2 Hz). It
was identiﬁed as biphenyl on the basis of UV. On the basis of HSQC,
HMBC, and NOESY experiments, compound 3 was characterized as
30,5-dimethoxy-3,4-methylenedioxybiphenyl.
The known compounds were readily identiﬁed by comparison of
their spectroscopic data with those reported in the literature.
The known compounds were O-acetyloleanoic aldehyde (4) [6],
b-sitosterol (5), betulin (6) [7], 6,7-dimethoxy-1-methyl-3,4-dihy-
droquinolin-2(1H)-one (7) [8], 30-hydroxy-5-methoxy-3,4-methy-
lenedioxybi-phenyl (8) [9], 3b-OH-betulinic aldehyde (9) [10], gallic
Table 1
NMR data for compound 1, 2 and 3 (1H: 600 MHz; 13C: 150 MHz).
Position 1 2 3
d (H) d (C) d (H) d (C) d (H) d (C)
1 6.91 (s, 1H) 92.5 6.89 (s, 1H) 92.3 136.1
10 142.6
2 135.3a 135.2a 6.76 (d, 1H) 101.6
20 7.04 (d, 1H) 112.4
3 145.6b 145.5b 134.9
30 159.9
4 130.3 130.3 149.3
4a (40) 142.9 142.8 6.86 (dd, 1H) 112.9
5 143.7
5a (50) 151.3 151.5 7.31 (t, 1H) 129.7
6 7.10 (s, 1H) 95.9 7.13 (s, 1H) 98.5 6.74 (d, 1H) 107.1
60 7.10 (d, 1H) 119.5
7 148.9 145.4
8 146.3 143.9
9 7.21 (s, 1H) 101.7 7.18 (s, 1H) 101.0
9a 119.0 119.1
9b 116.2 116.1
CH3O-4 4.24 (s, 3H) 60.4 4.23 (s, 3H) 60.4
CH3O-5 3.95 (s, 3H) 56.7
CH3O-3
0 3.85 (s, 3H) 55.3
CH3O/OH-7 3.97 (s, 3H) 56.3 5.99 (s, 1H)
CH3O-8 3.95 (s, 3H) 56.6 3.99 (s, 3H) 56.6
OCH2O 6.00 (s, 2H) 101.5 5.99 (s, 2H) 101.5 6.00 (s, 2H) 101.6
a,bAssignments interchangeable.
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X.-Z. Chen et al. / Chinese Chemical Letters 25 (2014) 127–130 129acid (10), stigmast-4-en-6b-ol-3-one (11) [11], 5a,8a-epidioxy-
(22E,24R)-ergosta-6,22-dien-3b-ol (12) [12], verrucofortine (13)
[13], 6-methoxycalpogonium isoﬂavone A (14) [14], 2-hydroxyben-
zophenone (15), betulinic acid (16) [15], 3,5-dimethoxybenzoic acid-
4-O-b-D-glucopryranoside (17) [16], b-daucosterol (18), salicylic
acid (19), apigenin (20) [17] and acacetin (21) [18].
3.2. Biological studies
Natural biphenyls, mainly isolated from fungi and plants,
exhibit various biological activities, such as antimicrobial activity
[19], antifungal activity [20,21], a-TNF inhibitory activity [22],
cytotoxic activity [19], and 5-lipoxygenase inhibitory activity [23].To the best of our knowledge, no a-glucosidase inhibitory activity
of biphenyls has been reported. In this study, compounds 1, 2 and 3
were evaluated for a-glucosidase inhibitory activity. Compounds 1
and 2 exhibited weak inhibitory activity.
4. Conclusion
We studied the chemical constituents of the genus Ribes
takare D. Don and reported here the isolation and structural
characterization of three new biphenyls, 4,7,8-trimethoxy-2,3-
methylenedioxydibenzofuran (1), 7-hydroxy-4,8-dimethoxy-2,3-
methylenedioxydibenzofuran (2), and 30,5-dimethoxy-3,4-methy-
lenedioxybiphenyl (3).
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